Introduction
============

Diabetic ketoacidosis (DKA) is characterized by the triad of hyperglycemia, metabolic acidosis and ketonemia, resulting from absolute or relative insulin deficiency. It represents the most serious hyperglycemic emergency in patients with diabetes. In general, DKA is a hallmark of type 1 diabetes mellitus ([@B1],[@B2]), but it can also occur in type 2 diabetes mellitus (T2DM), as seen in patients of African or Hispanic descent ([@B3],[@B4]). In recent years, an increasing number of T2DM patients with ketoacidosis has also been reported in Japan ([@B5],[@B6]). Nagasaka et al. reported that these patients were characterized by their young age (18-23 years), male sex, obesity \[body mass index (BMI), 25.4-44.5 kg/m^2^\], a positive family history of T2DM and anti-glutamic acid decarboxylase (GAD) antibody negativity, together with the overconsumption of soft drinks ([@B6]). The prevalence of DKA in Japan may reflect the large numbers of soft drink vending machines in the country, as well as DKA-prone young obese people slipping through the Japanese health check-up system, which targets individuals of 40-74 years of age with "obesity diseases" or "metabolic syndrome" and encourages their participation in lifestyle modification programs ([@B7]). In many cases, these young people are unaware that they are prone to diabetes or that may have already developed diabetes, and as such do not refrain from consuming sugar-containing soft drinks to quench their thirst, a symptom of hyperglycemia, which can lead to ketoacidosis.

DKA in obese T2DM patients is often associated with hypertriglyceridemia (HTG), which is caused by relative insulin deficiency and/or by obesity itself ([@B8],[@B9]). These conditions often lead to acute pancreatitis (AP), which is a life-threatening disease ([@B10]-[@B16]). Since DKA is frequently associated with abdominal pain, particularly if the degree of acidosis is severe ([@B17]), physicians should be aware that their abdominal pain may be caused by the DKA itself or by accompanying pancreatitis. When hyperlipidemia is also present, both serum and urine amylase examinations may yield false-normal levels ([@B18]). Physicians evaluating such patients might be misled by these seemingly normal serum amylase values and thereby exclude pancreatitis from the differential diagnoses.

We managed a young obese Japanese man who presented with ketoacidosis-onset T2DM with abdominal pain and HTG. Initially, pancreatitis could not be detected because of essentially normal computed tomography (CT) findings and a normal serum amylase level. Although DKA treatment was initiated, his abdominal pain persisted and worsened while his serum amylase remained normal on the second day of hospitalization; his HTG remained severe at this time point. On the third day of hospitalization, with the improvement of HTG, the elevated amylase level became apparent and CT revealed changes typical of severe pancreatitis. His AP was successfully treated and he was discharged with prescriptions for an oral triglyceride-lowering agent and an oral insulin-sensitizing agent.

Case Report
===========

A 25-year-old man, who was previously healthy but was recognized as having fatty liver associated with mild hepatic dysfunction, visited a local doctor complaining of persistent nausea and abdominal pain. His blood test results revealed DKA with the following findings: plasma glucose, 429 mg/dL; HbA1c, 10.7%; total ketone bodies, 7,850 μmol/L and arterial pH, 7.22. He was transferred to a local emergency hospital by ambulance. On admission, CT showed no serious abnormalities ([Fig. 1](#g001){ref-type="fig"}). His serum amylase level was normal (35 U/L) but his serum HTG was severe (1,852 mg/dL), resulting in lactescent serum. Although DKA treatment was initiated, his abdominal pain persisted and worsened while his serum amylase level remained normal (39 U/L). On the second day of hospitalization, the patient\'s HTG remained severe (1,252 mg/dL). On the third day of hospitalization, his abdominal pain markedly worsened. On that day, his serum triglyceride level had decreased to 558 mg/dL with no signs of chylomicronemia; however, his serum amylase level had risen to 666 U/L. Abdominal CT was repeated and showed AP ([Fig. 2](#g002){ref-type="fig"}). [Fig. 3](#g003){ref-type="fig"} shows the extra-pancreatic progression of inflammation extending beyond the lower pole of the kidney, which counts as 2 points resulting in CT Grade of 2. The severity was graded as "severe" according to the latest Japanese severity scoring system, which was proposed by the Research Committee of Intractable Pancreatic Diseases (RCIPD) in 2008. The prognostic factors and the contrast-enhanced CT grade are prepared for the system proposed by the RCIPD such that severity can be assessed according to both criteria ([@B19]). The patient was transferred to our hospital in an ambulance equipped with an intensive care unit. He was conscious with a Glasgow Coma Scale score of 15 points (E4V5M6). His vital signs were relatively stable with a body temperature of 37.6^o^C, a blood pressure of 139/94 mmHg, a regular pulse of 113 beats/min and an oxygen saturation of 98% on 3 L/min of oxygen by nasal cannula. A physical examination revealed no evidence of xanthoma or xanthelasma. No palpable lymph node enlargement was detected in a head and neck examination. On abdominal examination, there was tenderness in the left lateral region with muscular defense and Blumberg\'s sign.

![The CT scan obtained on admission to the referring hospital showed no noteworthy abnormalities.](1349-7235-56-2611-g001){#g001}

![The second CT scan obtained at the referring hospital showed acute inflammatory changes, with swelling of not only the pancreas but also around the spleen, and ascites.](1349-7235-56-2611-g002){#g002}

![Slices from the second CT scan showing the area around the lower poles of the bilateral kidneys, which provided evidence of the extra-pancreatic progression of inflammation beyond the lower pole of the kidney. (a) A slice from the second CT scan showing the lower pole of the right kidney with panniculitis and fluid collection. (b and c) Slices from the second CT scan obtained in the area around the lower pole of the left kidney with panniculitis and fluid collection. (d) A slice from the second CT shows the area under the lower pole of the kidney and confirms the presence of extra-pancreatic inflammation. (e) A coronal reconstruction of the second CT obtained in the area around the lower pole of the right kidney with panniculitis.](1349-7235-56-2611-g003){#g003}

An arterial blood gas analysis revealed the following: pH, 7.23; carbon dioxide partial pressure (PaCO~2~), 26.3 mmHg; partial pressure oxygen (PaO~2~), 172.1 mmHg; HCO~3~- 10.6 mEq/L; BE, -15.0 mEq/L; and saturation of arterial oxygen (SaO~2~), 99.4% on 3 L/min O~2~ by nasal cannula. Ketones were present in the urine (3+, as measured by sodium nitroprusside reaction). The patient\'s HbA1c level was 11.3% but his glucose and triglyceride levels were reduced to 271 mg/dL and 388 mg/dL, respectively, with DKA treatment ([Table](#t001){ref-type="table"}). The total bilirubin value of 0.75 mg/dL and the aspartate aminotransferase (AST) value of 31 U/L were normal; however, his alanine aminotransferase (ALT) level was elevated to 139 U/L and his gamma γ-glutamyl transpeptidase (GTP) level was elevated to 119 U/L, suggesting fatty liver. The results of the other laboratory data were as follows; white cell count, 9,500 /μL; hemoglobin, 15.1 g/dL; C-reactive protein (CRP), 28.04 mg/dL; amylase, 582 U/L; lipase, 1,415 U/L; elastase-1, 6,490 ng/dL; trypsin, 9,070 ng/mL; pancreatic phospholipase, A1, 5,190 ng/mL; albumin, 3.5 g/dL; calcium, 8.5 mg/dL; sodium, 131 mEq/L; potassium, 4.1 mEq/L; and chloride, 104 mEq/L.

###### 

Laboratory Values (Numbers in Bold Type are Outside of the Reference Range).

                                       Day1^a^     Day2        Day3         Day4-1^b^   Day4-2^c^
  ------------------------------------ ----------- ----------- ------------ ----------- -----------
  Lactescence                          **(3+)**    **(2+)**    (-)          (-)         (-)
  WBC (/L)                             **8,700**   7,100       **10,000**   **9,300**   **9,500**
  CRP (mg/dL)                          **0.36**    **0.35**    **3.21**     **17.4**    **28.0**
  Creatinine (mg/dL)                   **0.78**    **0.59**    **0.52**     **0.76**    **0.72**
  Sodium (mEq/L)                       **130**     **129**     **129**      **130**     **131**
  Potassium (mEq/L)                    4.3         3.9         3.7          3.8         4.1
  Chloride (mEq/L)                     99          103         98           103         104
  pH                                   **7.22**    \-\--       \-\--        \-\--       **7.23**
  HCO~3~- (mEq/L)                      **9.7**     \-\--       \-\--        \-\--       **10.6**
  BE (mEq/L)                           **-16.5**   \-\--       \-\--        \-\--       **-15.0**
  Total protein (g/dL)                 7.7         6.6         6.5          **6.3**     **6.3**
  AST (GOT) (U/L)                      **124**     **133**     **115**      **45**      31
  ALT (GPT) (U/L)                      **215**     **191**     **227**      **162**     **139**
  Alkaline phosphatase (U/L)           283         238         226          220         126
  Gamma GTP (U/L)                      **176**     **151**     **139**      **126**     **119**
  Uric Acid (mg/dL)                    **15.2**    **13.5**    **11.9**     **12.4**    **12.0**
  Total cholesterol (mg/dL)            **380**     **293**     **250**      **226**     196
  Triglyceride (mg/dL)                 **1,852**   **1,252**   **558**      **482**     **388**
  Glucose (mg/dL)                      **304**     **253**     **225**      **279**     **271**
  Amylase (U/L)                        35          39          **666**      **874**     **582**
  Lipase(U/L)                          \-\--       \-\--       \-\--        \-\--       **1,415**
  Elastase-1(ng/dL)                    \-\--       \-\--       \-\--        \-\--       **6,490**
  Trypsin (ng/mL)                      \-\--       \-\--       \-\--        \-\--       **9,070**
  Pancreatic phospholipase A1(ng/mL)   \-\--       \-\--       \-\--        \-\--       **5,190**

a: Data obtained on admission to the referring hospital

b: Data obtained just before the patient was discharged from the referring hospital: blood collected at 7 AM.

c: Data obtained after the patient was admitted to our hospital: blood collected at 1 PM on 3 L/min O~2~ by nasal cannula on the same day as \'b\'

The patient\'s uncle was diabetic but he did not know whether there was a family history of hyperlipidemia. He had never consumed alcohol, nor had he previously experienced either pancreatitis or gallstone disease. He had been engaged in the maintenance and safety checking of elevators until 5 months prior to his admission, when he quit his job. He had eaten as much as he wanted, including steaks and hamburgers for dinner, followed by Chinese noodles. During the 10 days prior to the present event, he had consumed at least 2 liters of sugar-containing soft drinks per day. Although he weighed 116 kg (BMI 39.2 kg/m^2^) at 1 month before admission, he had lost 16 kg before visiting the hospital. Thus, on admission, his height was 172 cm and he weighed 100 kg (BMI was 33.8 kg/m^2^).

After being transferred to our hospital, his body temperature increased to \>38^o^C. By then, he met 3 of 9 prognostic factors: BE ≤3 mEq/L (factor 1), CRP ≥15 mg/dL (factor 7), and number of positive systemic inflammatory response syndrome (SIRS) criteria ≥3 (factor 8), such as temperature \>38℃, heart rate \>90 beats/min, and both the respiratory rate \>20 breaths/min and PaCO~2~ \<32 mmHg. His AP was evaluated as "severe" according to the criteria for prognostic factors proposed by the RCIPD as well as the CT grade ([@B19]). It is difficult to determine the main factor accounting for the negative BE levels in AP patients with accompanying DKA (as in our case) because DKA itself induces negative BE values. In our case, the patient\'s negative BE levels persisted in spite of the treatment of DKA, along with the gradual lowering of blood glucose level and serum TG levels, which suggests that the negative BE level on the third day of hospitalization was mainly due to severe AP. At any rate, the patient had already been diagnosed with severe AP according to the CT grade, independently of the prognostic score.

The patient\'s DKA was treated with intravenous hydration using normal saline, potassium supplementation, and intravenous regular insulin. The AP was managed with intravenous hydration, a protease inhibitor, antibiotics and a proton pump inhibitor. When the patient\'s acidosis was corrected, the ketosis had fully resolved, and the patient had recovered enough to eat, intravenous insulin infusion was shifted to multiple subcutaneous injections, together with bezafibrate (400 mg, orally, twice a day). After the patient\'s inflammation was controlled (confirmed by the reduced serum CRP level), his 24-hour urine C-peptide immunoreactivity value was 149 U μL/day and was negative for anti-GAD antibody. He was then started on metformin (an oral hypoglycemic agent) followed by the gradual tapering and eventual discontinuation of insulin injections. The patient was given instructions to implement a calorie and fat restricted diet by a nutritionist and was discharged on the 34th day of hospitalization with fasting glucose and triglyceride levels of 84 mg/dL and 306 mg/dL, respectively. He is currently being followed by a local physician with prescriptions for metformin and bezafibrate.

Discussion
==========

Abdominal pain and tenderness are common in patients with severe DKA. According to Campbell et al., unexplained abdominal pain associated with severe ketoacidosis is indicated by a plasma bicarbonate level of ≤10 mEq/L ([@B17]). The arterial blood gas analysis of our patient, which was initially obtained at the referring hospital showed a plasma bicarbonate level of 9.7 mEq/L and his abdominal pain could only be explained as being due to severe ketoacidosis.

AP reportedly occurs in at least 10%, but possibly as many as 15%, of DKA patients ([@B10]). The pathogenesis of AP in DKA varies but-importantly-transient and profound hyperlipidemia is an identifiable causative factor. However, as a number of reports have highlighted ([@B18],[@B20],[@B21]), clinical problems are often encountered because severe HTG can mask other laboratory measurements. The massive accumulation of triglycerides interferes with the determination of biochemical values and results in seemingly normal or even low levels of electrolytes. In fact, even glucose concentrations can be falsely low in the presence of HTG. In some cases, the diagnosis and treatment of DKA may be delayed due to pseudonormoglycemia in the presence of massively elevated serum triglyceride levels ([@B20]). With regard to amylase, on occasion, both the serum and urinary amylase levels in hypertriglyceridemic patients with pancreatitis are normal, and show no marked elevation ([@B21]), which may hamper making an accurate diagnosis of AP. Despite the seemingly low amylase activities in the serum and urine, the amylase/creatinine clearance ratio rises in hypertriglyceridemic patients with pancreatitis and its measurement thus constitutes a potentially effective diagnostic aid ([@B18]). It has been suggested that there is a circulating inhibitor of amylase in the serum of many patients with HTG-associated pancreatitis ([@B21]). The origin and nature of this amylase inhibitor remain unknown but urinary filtration is likely responsible. The clinical importance of the inhibition of amylase activity lies in its capacity to steer physicians away from the diagnosis of AP.

The most common etiologies of AP include gallstone disease and alcohol abuse ([@B22]), neither of which contributed in the present case. HTG is also a well-known cause of AP. HTG was considered to be a causative factor in 1-10% of the patients in reports on AP ([@B8],[@B23]). Overweight or obese patients are reportedly prone to AP, which might be associated with the more severe insulin resistance and poorer glycemic control that accompany HTG ([@B9]).

AP can be difficult to diagnose without high serum amylase levels. It is important to be aware that abdominal pain in a patient with lactescent serum suggests pancreatitis, even if the serum amylase levels are apparently normal. Our patient presented with abdominal pain accompanied by HTG and normal serum amylase levels, which persisted through the second day of hospitalization, possibly pointing away from a diagnosis of AP. In DKA patients with abdominal pain, it is prudent not to ignore AP as a clinical component of DKA. Rather physicians should obtain further amylase, lipase, and triglyceride measurements. A CT scan of the abdomen should be performed if AP is suspected. Furthermore, as previously reported, the correction of the amylase activity by dilution (2-16-fold) and appropriate recalculation can unmask the \"true\" state of hyperamylasemia ([@B24]).

Unfortunately, we cannot confirm that the onset of our patient\'s AP occurred before the third day of hospitalization (when the diagnosis was made), because we did not carry out further examinations to diagnose AP prior to that day. It is possible that the initial symptom of abdominal pain on day 1 was not attributable to AP. However, our patient\'s AP might have started on the second day of hospitalization (the day before the diagnosis of AP was confirmed). Unfortunately, we have no evidence to support this hypothesis. However, it seems reasonable since the patient\'s abdominal pain worsened markedly on that day, despite treatment for DKA-this raised the suspicion of another concurrent disease rather than a worsening of the DKA state.

As in our present case, even with an acute presentation of severe insulin deficiency and ketoacidosis accompanied by severe pancreatitis, when AP is accurately diagnosed and appropriately managed, the majority of newly diagnosed obese adult T2DM patients can discontinue insulin therapy during follow-up and remain in near-normoglycemic remission without insulin for several months to years ([@B25]). As Valdivielso et al. indicated, once the HTG-AP episode has resolved, the prevention of the next episode is essential ([@B26]). They emphasized that lifestyle changes and dietary modifications are the keys to the long-term management of HTG. They advocated dietary education from a nutritionist for patients who have suffered from an episode of HTG-associated AP ([@B26]), and we followed this advice in the management of our patient.

Non-specific abdominal pain is common in patients with severe DKA. Furthermore, DKA in obese T2DM patients is often associated with HTG and on occasion becomes severe. Severe HTG may lead to seemingly normal or even low levels of several biochemical values, including amylase-making it difficult to diagnose AP at its onset. Clinicians should be mindful of the possibility of associated AP and pay particular attention to complaints of abdominal pain-despite non-specific abdominal pain being relatively common-even if serum amylase levels are normal. Because AP represents a life-threatening disease, an accurate diagnosis and the prompt initiation of treatment are very important. If a DKA patient has lactescent serum, correcting the serum amylase activity measurement by dilution and a CT scan of the abdomen will be helpful for making a correct diagnosis of AP.
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